gitis and autoimmune pancreatitis frequently develop obstructive jaundice, which requires endoscopic biliary stenting (EBS) during steroid therapy to prevent bile duct infec-tion from cholestasis and adverse steroid effects. However, it is controversial whether EBS during steroid therapy is advisable, because the procedure itself carries a risk of cholangitis and procedure-related adverse events. This study aimed to clarify the validity and safety of EBS for patients with biliary stricture associated with IgG4-related pancreatobiliary disease (IgG4-PBD) during steroid therapy.
Methods We enrolled 59 patients who presented with biliary stricture exhibiting jaundice or liver dysfunction and who were treated with EBS. The incidences of recurrent biliary obstruction and acute cholangitis were compared for EBS cases with and without steroid administration.
Results EBS was present in 55 periods with steroid administration and 110 periods without. The incidence of recurrent biliary obstruction was significantly lower in cases with steroids than in those without (1-month no obstruction rate: 100 % vs. 82 %; log-rank test P = 0.0015). The incidence of acute cholangitis related to stenting was significantly lower in cases with steroids than in those without (1-month no acute cholangitis rate: 100 % vs. 90 %; logrank test P = 0.0278). Biliary stents could be removed without acute cholangitis, liver dysfunction, or stent replacement in 96 % of patients who underwent endoscopic retrograde cholangiopancreatography 1 month after commencing steroid administration.
Conclusions EBS during steroid administration was both valid and safe in patients with biliary stricture associated with IgG4-PBD. Stents could be safely removed 1 month after steroid initiation.
IgG4-PBD, multifocal strictures of the intra-or extrahepatic bile ducts can resemble cholangiocarcinoma, pancreatic carcinoma, or primary sclerosing cholangitis (PSC). Thus, distinguishing the biliary stricture from those progressive diseases can be challenging during diagnosis [7 -9] . Several reports have shown that endoscopic retrograde cholangiopancreatography (ERCP) [10 -12] and its related procedures, such as intraductal ultrasonography (IDUS) [13 -16] and transpapillary biliary biopsy [3, 16, 17] , are useful and very important tools for proper differentiation. As misdiagnosis and treatment should be avoided in malignant diseases, there are numerous advantages of ERCP and its related procedures for accurate diagnosis.
Patients with IgG4-PBD (IgG4-SC and AIP) frequently present with obstructive jaundice, the majority of whom receive endoscopic biliary stenting (EBS) for biliary drainage. Obstructive jaundice is found in 35 -77 % of patients presenting with IgG4-SC [3, 18, 19] . Globally, most patients (71 %) with AIP and jaundice undergo EBS [20] . The primary aim of EBS is to prevent acute cholangitis, which is a serious adverse event leading to septicemia. It has been reported that 10 % of patients with IgG4-SC develop acute cholangitis at presentation [19] . Acute cholangitis also occurs as an ERCP-related adverse event in 0.5 % to 3 % of cases [21 -26] . Jaundice and incomplete biliary drainage have been reported as significant risk factors for post-ERCP acute cholangitis [25, 27] , with the latter representing the strongest influence on cholangitis risk [28] . Thus, EBS is necessary for IgG4-PBD with jaundice to prevent acute post-ERCP complications.
It has also been reported that obstructive jaundice in AIP can be treated with steroid therapy without EBS [29] . Improved liver tests within a few days after steroid therapy without apparent acute cholangitis indicated that ERCP could be reserved for cases restricted to intermediate imaging findings or unresponsiveness to steroid therapy. It may also be possible to treat IgG4-PBD with jaundice by steroid therapy without biliary stenting in selected clinical settings. Moreover, EBS during steroid administration carries the potential of inducing acute cholangitis due to drug-induced immune suppression.
Based on the above, it is controversial whether EBS during steroid administration is advisable for patients with biliary stricture associated with IgG4-PBD. Steroid therapy is the established treatment for IgG4-PBD. As there have been no direct comparisons of EBS in patients having biliary stricture associated with IgG4-PBD with and without steroid administration, this study sought to clarify the validity and safety of EBS for patients with steroid administration.
Patients/materials and methods

Patients
A total of 104 patients with biliary stricture associated with IgG4-PBD were treated between January 1996 and November 2017 at Shinshu University Hospital in Matsumoto, Japan. All patients were diagnosed with IgG4-SC according to the clinical diagnostic criteria established by the Japanese Biliary Association in 2012 [6] . Based on these criteria, patients with distal biliary stricture possibly associated with AIP were included in IgG4-SC. All medical records were reviewed retrospectively. Among 63 patients who received EBS, four were excluded due to choledocholithiasis or surgery due to malignant disease. The remaining 59 patients were enrolled in this study (▶ Fig. 1 ). EBS was performed on the following patients having a risk of post-ERCP acute cholangitis before steroid therapy: (1) those with jaundice or serum elevation in biochemical liver tests, and (2) those with biliary strictures and marked dilatation of the proximal bile duct despite no jaundice at the time of ERCP but having a risk of jaundice soon after ERCP-related procedures. Steroid therapy was commenced after careful diagnosis. The initial oral prednisolone dose for remission induction was 0.6 mg/kg/day for approximately 4 weeks. The dose was then tapered by 5 mg every 1 -2 weeks based on the Japanese consensus guidelines for AIP [30] .
ERCP-related procedures
Patients were treated based on the following endoscopic strategy for the management of biliary stricture associated with IgG4-PBD. We first performed ERCP (▶ Fig. 2a , b) and its related procedures, including IDUS (▶ Fig. 2c ) and transpapillary biliary biopsy (▶ Fig. 2 d) , in one session for the diagnosis, especially to distinguish this condition from pancreatic head carcinoma, cholangiocarcinoma, and PSC. Rectal diclofenac (25 mg in patients < 50 kg or 50 mg in patients ≥ 50 kg) was administered for the prevention of post-ERCP pancreatitis just before the procedure. Antibiotics (2 g piperacillin) were also given prophylactically to prevent post-ERCP acute cholangitis. We evaluated adverse events at the time of ERCP, such as post-ERCP pancreatitis, bleeding, perforation, and post-ERCP acute cholangitis. The IgG4-related pancreatobiliary disease. a Cholangiography showed biliary strictures with a smooth surface and dilatation of the proximal bile duct that mimicked cholangiocarcinoma and pancreatic carcinoma of the head. Biliary stricture of the distal common bile duct was observed more frequently among patients with biliary stricture associated with IgG4-related pancreatobiliary disease. b Pancreatography showed diffuse irregular narrowing, a specific feature of autoimmune pancreatitis. c Intraductal ultrasonography disclosed a smooth inner margin and homogeneous internal echo in the stricture despite the bile duct appearing normal in the cholangiogram. d Transpapillary forceps biopsy was useful to distinguish from pancreatobiliary carcinoma. Abundant IgG4-positive cells were often observed. e A biliary stent (7-Fr double pig-tail plastic stent) was placed into the intrahepatic bile duct across the biliary stricture. f Cholangiography 1 month after starting steroid therapy revealed improvement in the biliary stricture such that the biliary stent could be removed in almost all patients.
definition of ERCP-related adverse events was based on the criteria of Cotton et al. [31] .
EBS procedures
During ERCP, stents were inserted along a guidewire under endoscopic and fluoroscopic guidance. A 7-Fr double pig-tail plastic stent (PBD-203-0707 or 07105, Olympus, Tokyo, Japan) was placed into the intrahepatic bile duct across the biliary stricture (▶ Fig. 2e ) to avoid stent deviation since the majority of biliary strictures when associated with IgG4-PBD improved after steroid administration. In patients with prior biliary stenting who were referred from other hospitals or who were suspected of a malignant disease, we performed ERCP again for accurate diagnosis and inserted a new biliary stent.
To estimate the effectiveness of steroid therapy for biliary stricture associated with IgG4-PBD, we routinely performed ERCP 1 month after the commencement of steroid remission induction therapy and removed the biliary stent upon confirmation of a smooth flow of contrast medium into and out of the stricture on cholangiography (▶ Fig. 2f ). In patients with in-conclusive differentiation from malignant diseases, ERCP was carried out within 2 weeks after starting steroid remission induction therapy, and close follow-up was conducted for at least 1 year.
To evaluate the safety of EBS during steroid administration, we compared the incidence of recurrent biliary obstruction and acute cholangitis related to the stenting procedure between cases with and without steroid therapy. According to TOKYO criteria 2014 [32] , recurrent biliary obstruction was defined as a composite end point of either occlusion or deviation/migration. A period of EBS without steroids was defined as the time from the insertion of a biliary stent to that of its removal or the commencement of steroids. An EBS period with steroids was defined as the time from the start of steroid administration to that of stent removal or from exchanging a stent to its removal during steroid therapy (▶ Fig. 3 ). In typical cases of steroid administration, EBS treatment was divided into two periods: without steroids, after which the stent was not exchanged, and with steroids (▶ Fig. 3a Fig. 3 Representative cases of endoscopic biliary stenting (EBS) with and without steroid therapy in this study. a A period of EBS without steroids was defined as the time from the insertion of a biliary stent to that of its removal or the commencement of steroids. An EBS period with steroids was defined as the time from the start of steroid administration to that of stent removal or from exchanging a stent to its removal during steroid therapy. For typical cases receiving steroid administration, treatment consisted of periods without steroids, after which the stent was not exchanged, and with steroids. b For cases receiving ERCP-related procedures, stent exchange was performed every time. c For cases of stent dysfunction, stent exchange was performed every time.
PBD or stent dysfunction, stent exchange was performed every time (▶ Fig. 3b, c) .
To examine the improvement in biliary strictures, the diameter of the bile duct was measured at the biliary stricture and at the distal side of the bile duct that appeared normal on cholangiography (▶ Fig. 4a ). The ratio of these diameters was compared before and after steroid remission induction therapy. The patients were carefully monitored for evidence of biliary ad-verse events, including elevation of serum biochemical liver tests and acute cholangitis within 1 month after stent removal.
EBS-related adverse events
Stent-related adverse events including stent occlusion and deviation/migration were investigated in each period comparing patients with and without steroid administration. Stent occlusion was defined as abnormal serum values of liver function tests, the presence of symptoms due to biliary obstruction (abdominal pain/discomfort, nausea, and vomiting), or acute cholangitis with biliary dilatation on abdominal ultrasonography and/or computed tomography. Acute cholangitis was based on clinical evidence of infection (fever, leukocytosis, and abdominal pain) in patients with elevated serum biochemical liver tests. Biliary stent exchange was performed immediately in these patients.
Statistical analysis
For patient characteristics, continuous variables were expressed as median and range and categorical variables were expressed as number and percentage. Pearson's chi-squared test was adopted to test for differences between subgroups of patients. To compare continuous data, the Mann-Whitney U test was employed. The time to recurrent biliary obstruction and acute cholangitis for stenting was calculated using the Kaplan-Meier method, and differences in rates with and without steroid administration were compared with the log-rank test. Comparisons of changes in the biliary diameter of strictures before and after steroid administration were performed using the Wilcoxon signed-rank test. A P value of < 0.05 was considered statistically significant. All statistical analyses were performed using JMP Statistics software version 13 (JMP, Tokyo, Japan).
Ethics
This study was performed in accordance with the current ethical guidelines of the Declaration of Helsinki and was conducted in accordance with the requirements of the Institutional Review Board of Shinshu University School of Medicine (approval number: 3913, approval date: 16 January 2018).
Results
Fifty-nine patients (42 male, median age: 66 years) received diagnostic ERCP and its related procedures followed by EBS for biliary drainage. Two patients exhibited acute cholangitis at presentation before the first ERCP. The baseline characteristics of the cohort are shown in ▶ stricture associated with IgG4-related pancreatobiliary disease after steroid therapy. a Location for diameter measurements of the bile duct at the biliary stricture and distal side of the bile duct that appeared normal on cholangiography. b Comparison of the ratio of bile duct diameters before and at 4 ± 2 weeks after starting steroid remission induction therapy. In all patients, improvements in biliary strictures were observed. The ratio of the diameter of the bile duct after steroid therapy was significantly improved over that before therapy (median ratio: 0.67 vs. 0.18, P < 0.0001). Table 2 .
Adverse events of ERCP and its related procedures
Safety of EBS
In the 59 patients, EBS was present in 55 periods with steroid administration and 110 periods without steroid administration. The baseline characteristics of the two groups were similar since they were composed of almost the same patients (▶ Table 3 ). One patient under steroid administration developed biliary bleeding 53 days after placement of a biliary stent, followed ▶ by acute cholangitis. In other patients, no episodes of acute cholangitis, stent occlusion, or stent migration were seen. Seven episodes (6 %) of stent occlusion and 10 episodes (9 %) of acute cholangitis were noted in the biliary stenting group without steroid administration. Stent tearing during removal was seen in one session. Although patients with prior biliary stenting at other hospitals before steroid therapy were included in this study, no statistically significant difference was seen for the time to recurrent biliary obstruction between EBS performed at our hospital and at others (log-rank test: P = 0.9654). The time to recurrent biliary obstruction was compared between groups with and without steroid administration. The incidence of recurrent biliary obstruction with steroids was statistically significantly lower than those without (log-rank test: P = 0.0015). The cumulative rate of no recurrent biliary obstruction 1 month after biliary stenting with and without steroid administration was 100 % and 82 %, respectively. The median time to recurrent biliary obstruction without steroid administration was 108 days (▶ Fig. 5a) .
Next, the time to acute cholangitis for stenting was compared between groups with steroid administration and those without. The incidence of acute cholangitis during biliary stenting was significantly lower in cases receiving steroids (log-rank test P = 0.0278). The cumulative rate of no acute cholangitis 1 month after biliary stenting with and without steroid administration was 100 % and 90 %, respectively. The median time to acute cholangitis without steroid administration was 108 days (▶ Fig. 5b ).
Timing of ERCP and stent removal after steroid remission induction therapy
At ERCP performed 1 month after commencing steroid therapy as a standard strategy, we evaluated the effectiveness of steroids and the possibility of stent removal. In 45 patients, ERCP was performed 1 month ± 2 weeks after the start of treatment. The extent of biliary stricture in cholangiography was compared before and after steroid therapy by calculating the ratio of bile duct diameters at the biliary stricture and at the non-stricture distal side (▶ Fig. 4a ). In all patients, an improvement in biliary strictures was found after steroid therapy with respect to diameter ratio (▶ Fig. 4b) , with the median diameter of biliary strictures being significantly improved by steroid therapy (0.67 vs. 0.18, P < 0.0001). In 43 of 45 patients (96 %), biliary stents could be removed in a median period of 28 days following steroid commencement. After stent removal, no patients required re-stenting for biliary drainage or presented with acute cholangitis or elevation of serum biochemical liver tests.
Discussion
The present study revealed that the incidence of recurrent biliary obstruction and acute cholangitis after EBS for biliary stricture was significantly lower in IgG4-PBD patients with steroid administration than in those without. Biliary stents could be removed in 96 % of patients who were free of acute cholangitis and liver dysfunction and did not require replacement. Recurrent biliary obstruction and acute cholangitis were also significantly lower in stenting groups with steroid administration, likely due to rapid pharmaceutical improvement in the biliary stricture. Iwasaki et al. [33] performed ERCP 1 -4 weeks after steroid administration in 18 of 29 patients with IgG4-SC and found that lower bile duct strictures were improved in 100 % of subjects and hilar and/or intrahepatic bile duct strictures were resolved in 75 %. In agreement with their report, the present study showed the amelioration of biliary strictures in all patients who underwent ERCP at 1 month after commencing steroid therapy. We considered that the dramatic and rapid effect of steroids on biliary strictures could prevent EBS-related adverse events, such as stent occlusion and cholangitis.
Although ERCP and its related procedures are useful for the diagnosis of IgG4-PBD, it must be stressed that these invasive procedures are sometimes associated with acute pancreatitis and other serious adverse events. However, Naitoh et al. [34] observed that the incidence of ERCP-related complications was lower in patients with AIP and IgG4-SC compared with non-AIP and non-IgG4-SC groups, and concluded that diagnos- tic ERCP and its related procedures were safe and acceptable for AIP and IgG4-SC patients. They also reported the incidence of pancreatitis to be 5.4 % in the non-AIP cohort and 1.2 % in the AIP cohort. Similarly, the present study uncovered few ERCPrelated adverse events (two cases of mild pancreatitis), supporting the view that these procedures were safe for biliary strictures associated with IgG4-PBD. Following diagnostic ERCP for IgG4-PBD, it is recommended that EBS be performed afterwards to prevent acute post-ERCP cholangitis. Prompt steroid therapy is also advised after ERCP and EBS for biliary strictures associated with IgG4-PBD to improve the strictures and prevent EBS-related adverse events, such as acute cholangitis and stent occlusion.
We routinely performed ERCP 1 month after steroid commencement to assess the effectiveness of steroid therapy and evaluate the possibility of stent removal. Almost all stents could be removed at this point in our cohort, although some reports have shown that the optimal timing might be earlier. Iwasaki et al. [33] observed that all 10 AIP patients with jaundice could successfully undergo biliary stent removal after a mean interval of 16 days (range: 9 -30 days). Moon et al. [35] reported that all 15 AIP patients had responded to steroid therapy in a 2-week trial, which resulted in an improvement in main pancreatic duct narrowing and a reduction in pancreatic mass. Thus, it may be possible to evaluate the effectiveness of steroid therapy earlier and remove stents as a result of the dramatic and rapid response to steroids. Prospective studies are required to determine the most appropriate timing for evaluating steroid therapy and stent removal.
This study had several limitations. First, the extent of jaundice and liver dysfunction at EBS varied because the timing of the technique was according to each physician's discretion. Several patients without jaundice were also included in the cohort. Second, the time to recurrent biliary obstruction in patients with steroid administration may not have been completely accurate since stents were not exchanged exactly at the start of steroid administration. However, this limitation could have resulted in a longer time to recurrent biliary obstruction in the stenting with steroid group, and so it was not necessarily a negative limitation of this study.
In conclusion, EBS during steroid administration is both valid and safe in patients with biliary stricture associated with IgG4-PBD, with stents being removed safely 1 month after steroid remission induction therapy. Larger prospective multi-institutional studies are warranted to confirm our results and ascertain the optimal time of stent removal.
